SUPPLEMENTARY MATERIALS AND METHODS

Human Mre11 expression and purification
Human Mre11 WT and MRE11 W243R preparations were produced by infection of Sf9 cells in suspension culture with baculoviruses expressing C-terminally 6-histidine tagged human MRE11 WT or MRE11 W243R. Cells were collected after 72 hours, washed two times in PBS and frozen in liquid nitrogen. Cells were thawed and resuspended in four packed cell volumes of ice cold buffer A (50 mM Tris-HCl pH 8.0, 500 mM NaCl, 2mM β-mercaptoethanol, 5% glycerol and 1 complete, EDTA-free Protease inhibitor cocktail tablet from Roche). The cells were disrupted by 20 strokes of a type B pestle in a Dounce homogenizer. After 1 hour of centrifugation at 35K (Beckman, rotor 45 Ti) at 4°C, the soluble fraction was incubated overnight at 4°C with half packed cell volume of Ni 2+ -NTA agarosebeads (Qiagen), equilibrated in buffer A containing 5 mM imidazole. The column, containing beads, was washed with 10 volumes of buffer A containing 5 mM imidazole. Additionally the column was washed with 3 volumes of buffer A containing 40 mM imidazole. Bound proteins were eluted from the beads in buffer B(50 mM Tris-HCl pH 8.0, 300 mM NaCl, 2mM β-mercaptoethanol, 5% glycerol and 200mM imidazole). The MRE11 containing fractions were pooled and loaded on a Superdex 200 size-exclusion column (GE Healthcare) that was equilibrated in buffer C (50 mM Tris-HCl pH 8.0, 200 mM NaCl, 1 mM DTT). The MRE11 containing fractions were pooled and diluted before being loaded onto a 5 mL Hitrap Q column. The column was washed with ten column volumes of buffer D(50 mM Tris-HCl pH 8.0 and 1 mM DTT ) containing 100mM NaCl, three column volumes of buffer D containing 200 mM. The proteins were eluted from the column in buffer D using a linear gradient of 200mM -1 M NaCl, in five column volumes. The fractions containing MRE11 were pooled and concentrated on a 1 mL Heparin column. The column was washed with 28 column volumes of buffer D containing 100mM NaCl and 10% glycerol. MRE11 was eluted in buffer D containing 10% glycerol using a gradient of 200mM -500 mM NaCl. MRE11 containing fractions were pooled, aliquoted and frozen in liquid nitrogen. Immunoblotting of MRE11 was performed on nitrocellulose transfer membrane (Whatman) using standard immuno-blotting techniques. Protein concentrations were determined by comparison to a BSA standard on a 10 % polyacrylamide gel after staining with Coomassie blue.
DNA Docking (DOT)
Docking calculations were performed with the program DOT (www.sdsc.edu/CCMS) (66-68) using a linear 4 nucleotide (5'-TTTT-3') B-DNA fragment generated using X3DNA program moved within the shape and electrostatic potentials of stationary Mre11 structures. The distribution of the top-ranked 2000 geometric centers of the DNA fragments was analyzed for number and distribution over the Mre11 protein structure (represented as yellow spheres). Of these, the top solution was used to determine the orientation of the DNA.
Rigid-body docking of DNA to the Mre11 protein requires addition of polar hydrogen atoms to the Mre11 X-ray coordinates extracted from PDB. All hydrogen atoms were added to the Mre11 coordinates with the program REDUCE using the -build option. REDUCE also determined the preferred orientations for Asn, Gln, and His side chains and His protonation states based on the local environment.
One molecule represented by its atomic positions with partial atomic charges (DNA), is systematically moved within the shape and electrostatic potentials of a stationary molecule (Mre11 structure). Interaction energies, calculated as the sum of electrostatics and Van der Waals terms, are evaluated as correlation functions, which are efficiently computed with Fast Fourier Transforms. The properties of both molecules, calculated by an automated set-up procedure in the DOT2 suite, were mapped onto cubic grids 128 Å on a side with 1 Å grid spacing. This grid size was sufficiently large to ensure that the DNA coordinates fit within the grid when the DNA was close to Mre11, and that artifacts from the periodic Fourier calculation were negligible. A set of 54,000 orientations was used for the DNA, providing a rotational search approximately as fine as the 1 Å translational search. Each orientation of the DNA was centered at all grid points in a highly efficient translational search, giving about 108 billion configurations of the two molecules. Each docking calculation took around 1 h on 8 processors at Garibaldi cluster at The Scripps Research Institute. Binding buffer: 5% glycerol, 25mM Tris-HCl pH 7.5, 100mM NaCl, 1mM DTT and 2% PEG6000 for 10 min at 25°C in a final volume of 20µL for human Mre11 and 5% glycerol, 25mM HEPES pH 8.0, 50mM NaCl, 1 mM DTT, and 2% PEG6000 for 20 min at 45°C in a final volume of 20µL for P. furiosus Mre11.
Nuclease Assays 2µg of purified PfMre11 (WT or L204R) and 1.5 µg of ϕX174 circular ssDNA Virion DNA (New England Biolabs) in a 12µl volume of 25mM HEPES pH 7.0, 25mM NaCl, and 5mM MnCl 2 were incubated at 50°C at the indicated time points. Reactions were stopped by the addition of EDTA to a final concentration of 20mM and 2.5mg/ml proteinase K. DNA was resolved by electrophoresis in 1% TAE agarose gels.
One hundred nanograms of PhiX174 circular single-stranded virion DNA substrate (5386 bases, New England Biolabs) was incubated with three hundred nanograms of hMRE11 WT or hMRE11W243R in reaction buffer (30mM Tris-HCl pH 7.5, 1mM dithiothreitol, 25mM KCl, 200ng acetylated bovine serum albumin and 5mM of either MgCl 2 or MnCl 2 ) for the indicated times at 37°C in a 20-µl reaction mixture. The nuclease reactions were terminated by incubation for 10 minutes at 37°C after the addition of 1/10 volume of stop solution (3% SDS, 50mM EDTA) and proteinase K to a final concentration of 0.1 mg/ml. The reaction products were run in a 0.8% agarose gel (1xTAE) for 90 minutes at 100mA. DNA was stained by Ethidiumbromide and visualized by scanning of the gel using a image analyzer (Typhoon9200). Quantification was performed with ImageQuant 5.2 software.
Fifty nanograms of linear blunt-ended double-stranded DNA (pBluescript, 2961bp) was incubated with five hundred nanograms of hMRE11 WT or hMRE11W243R in reactionbuffer ( 30mM Tris-HCl pH 7.5, 1mM dithiothreitol, 25mM KCl, 200ng acetylated bovine serum albumin and 5mM of either MgCl 2 or MnCl 2 ) for the indicated times at 37°C in a 20-µl reaction mixture. The nuclease reactions were terminated by incubation for 20 minutes at 37°C and 10 minutes at 85°C after the addition of 1/10 volume of stop solution (3% SDS, 50mM EDTA) and proteinase K to a final concentration of 1 mg/ml. The reaction products were run in a 1.5% agarose gel (1xTAE) for 240 minutes at 100mA. DNA was stained by Ethidiumbromide and visualized by scanning of the gel using an image analyzer (Typhoon9200). Quantification was performed with ImageQuant 5.2 software Quantification of the data was performed with ImageQuant 5.2 software. Telomere Southern blot Genomic DNA was isolated and resolved as described previously (28) . DNA was transferred to Biodyne B membrane (Pall Life Sciences) via capillary transfer and crosslinked by UV irradiation. The membrane was washed 20 minutes in 5X SSPE buffer and pre-hybridized with Denhardts solution with sheared/denatured salmon sperm DNA for 1 hour at 65°C. The probe was generated by PCR amplification of the TAS1 sequence from plasmid pNSU70 (31) using the following primers:
5' -CCA ATA GTG GGG GCA TTG TAT TTG -3' 5' -CAC TAA TTG TAA TAA GGT GG -3' incorporating 85% biotinylated dCTP (TriLink N-5002) and 15% normal dCTP. The probe was gel purified, denatured, and added to the pre-hybridization solution and incubated with the membrane overnight at 65°C. The membrane was washed 3 times in 2X SSPE for 15 minutes at 65°C, blocked with Odyssey blocking solution with 1% SDS for 1 hour at room temperature, and incubated with IRdye 680 conjugated strepavidin (Li-Cor 926-68031) at 1:10,000 for 1 hour at room temperature. The membrane was washed 3 times in PBS with 0.1% Tween-20 for 5 minutes and once for 5 minutes in PBS. Membrane was scanned with Li-Cor Odyssey Infrared Imaging System at intensity 7. Image shown is representative of 3 independent experiments.
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